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(57) [Abstract] 

[Problems to be Solved by the Invention] 

When Si0 2 or other silicon oxide type material layer 2 
patterning is done, high selectivity and high etching rate of 
the semiconductor substrate 1 or other substrate material layer 
are achieved together. 

[Means to Solve the Problems] 

You adopt, compound of specific structure such as hexafluoro 
-2- butyne as etching gas. 

[Effect(s)] 

These compound in plasma, CF X chemical species which is a 
etchant of the silicon oxide type material layer 2 by 
dissociated doing, forms easily and large scale. 

Therefore, high speed etching becomes possible. 

high selectivity is acquired due to fact that carbon rich 
polymer 5 accumulates in on semiconductor substrate 1 which 
is exposed in contact hole 4 bottom part, in addition. 



Page 2 Paterra Instant MT Machine Translation 



JP1997191002A 



1997-7-22 



(a) 




■2 mtt/UDl/SttM 
-1 *»<*s« 



(b) 



* 



4 □>5c?h3n-Jb 



5 B-JtO'J^Bflf'J? 




Claims 

[K*H 1] 

***Xy*>y#x£LTJBl*4Zfc*W*fc 
Specification 

[0001] 

*^5X-7x^>y*ttfcnL. mkbl< 

3T5XTX^>«T35ttlzH-r*. 
[0002] 

[ft*0ftffi] 



[Claim(s)] 
[Claim 1] 

silicon oxide type material layer on substrate material layer, 
vis-a-vis aforementioned substrate material layer selectively 
etching with plasma etching method which is done, 

It is chosen from group which consists of hexafluoro -2- 
butyne* hexafluoro-1, 3- butadiene and 
hexafluoropropene,plasma etching methodo which uses 
compound of any at least 1 kind makes feature as etching gas 
and 



[Description of the Invention] 
[0001] 

[Technological Field of Invention] 

this invention regards plasma etching method which is applied 
with manufacturing field etc of the semiconductor device, 
furthermore details are superior in selectivity of substrate 
material layer,regard plasma etching method of silicon oxide 
type material layer where in addition etching rate is large. 

[0002] 

[Prior Art] 
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lsi «©¥«{*£B©aft«S<b*X1±ftfl: 

*#«»»JiC«lBttX«6U Clft*/**- 
[0003] 

*x?*>y»*©*n«bfc£«s 
ix. 8 -< :/*sia±a>«xv«/$r»E©±s 

ASIC(Application Specific IC)lC<t*$tlS 

cfcolc, £n D pfi^fi£M^©g##-SPfcii 

c*ie>fl>»«^&, ^5X-??x^>ysiti4» 

z«>fc*Mt*©/^ao^Xvx^>ir 
*x?^:/y«s i ttafcy©x^>yu-h 

[0004] 

mos h5>s?^*icfci^rtt^*Mfcit«Ji©» 
*©«i©#8*mji©ff* 



c©j:3«i:*snt«ft©jiJt^p-bxicfet^r 

li. tt*Bl±lc»T*»»Jlfc©aMRttl=« 
4u T**tt»l©y>— S^^ftl^XTi 

[0005] 

*&lc % »b$?xhTX$©»Rlkrt±*MKj: 

bi?xh-7^©aaiccfc«^a*««©*± 
i*. ■<«^ftL/'<iu©*©"e*M**tii<«s 

[0006] 

■MbS/'Ja>**rf*JI©^5XTX^>«fl*, 

&b& si-o ts*s«wr«j&*6<**fcto. 

tt*A^&>f*>tt©ai^x^>^-K36<a 



As increasing degree of integration* high efficiency of LSIor 
other semiconductor device develops, from half micron it is 
reducing the design rule to level of sub quarter micron. 

Attendant upon this, microfabrication is administered to 
various material layer whichbegin silicon oxide type material 
layer, patterning this technically request for plasma etching 
method inorder to do has done sophistication more and more. 

[0003] 

Attendant upon diameter increase of for example substrate to 
be etched, over entire surface of substrate to be etched of8 
inch diameter or more, uniform treatment is required. 

In addition in order to be represented in ASIC 
(application-specific IC ), demand for the variety small lot 
production is high in part. 

From these background, as for plasma etching equipment 
sheet-fed type has become mainstream. 

Because of this in order to maintain processing capacity 
which is not inferiorto plasma etching equipment of 
conventional batch type, etching rate of substrate to be etched 
per each greatly it isnecessary to improve. 

[0004] 

In addition in order acceleration of signal processing of 
semiconductor device and, toassure narrowing of 
semiconductor element itself, junction depth of impurity 
diffusion layer becomes shallowregarding for example MOS 
transistor, also thickness of other various material layer 
hasbecome thin. 

Regarding production process of this kind of semiconductor 
device, it is superior more thanever in selectivity of anti- 
substrate material layer, it can seek plasma etching method 
where the damage of substrate material layer is little. 

[0005] 

Furthermore, also selectivity improvement of anti- resist mask 
is theimportant problem. 

In order to produce semiconductor device of microscopic 
design rule in stability, with retreatof resist mask which it 
occurs in plasma etching occurrence of dimensionally 
converted difference isbecoming difficult to be allowed even 
with those of polar little level because with <5. 

[0006] 

As for plasma etching of silicon oxide type material layer, 
because it is necessary to cut off the strong Si-0 bond, etching 
mode which ionic is stronger than past is adopted. 
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LfrL-f+^-KflWXvx^i/yom* 

CF *#Xlz«k*iHt$/'Ja:/3K*m 

[0007] 

*jit*a*?tt*m± i r*fc«>» cf *#xic h 2 
saanLfcy, »w= h *#t? chf 3 « chf 

*y , ^XvififlMMIfc F* £ftJ£U HF <Df* 
(ESroSlltWft c/f Jt(C JST-t f JSC* <z>«£ 

c/f ttoflMntt, x^>^ta^LTitSM-* 



H Si *©T«J*mJi±f=*&ilt»U 
*>*XHy/<fcLT«1IBU COfctolcS^it 

ZH?> C/F Jt® C&^ftSfttttf 

J. Vac.Science.Tech., 1 6(2), 391(1 979)fC«#$^l 
[0008] 
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general etching gas being something which designates 
CF-based gas which makes the CF 4 N C 2 F 6 or C 4 F 8 typical as 
main component, dissociated is something whichutilizes 
decomposition action of Si-0 bond with reductivity of carbon 
which is a sputtering effect and a constituent element with 
incident ion energy of CF X + which is formed from the 
CF-based gas. 

But etching rate is small generally as feature of plasma 
etching of ion mode. 

Then pointing high speed etching, when it raises incident ion 
energy, etching reaction becomesclose in physical sputter 
etching, selectivity decreases. 

As for plasma etching of silicon oxide type material layer, as 
for high speed property and selectivity the both achievements 
hard to do with namely, CF-based gas thing. 

[0007] 

In order selectivity in plasma etching of silicon oxide type 
material layer to improve, there is a Prior Art which such as 
CHF 3 which adds H 2 to CF-based gas,includes H in molecule 
CHF-based gas adopts. 

excessive F* in plasma trapping it does this with Hradical (H* ) 
whichis formed in plasma, in form of HF removes outside the 
etching chamber, effective C/F ratio (Ratio of Catom and 
Fatom. ) of etching reaction system it is something 
whichincreases. 

There is action which increase of C/F ratio, competing with 
the etching, decreasing content of Fatom in carbon fluoride 
polymer which itaccumulates, makes carbon rich polymer, 
strengthens ion implantation resistance or other film quality, 
therefore the selectivity of Sior other substrate there is an 
effect which improves. 

Because carbon fluoride polymer is done, on silicon oxide 
type material layer reacting with Oatom which sputter out is 
done from surface, oxidative removal, with respect 
tosubstance it does not accumulate, etching rate there are not 
times whenit decreases. 

But it accumulates carbon fluoride polymer, exclusively on 
Sior other substrate material layer whichdoes not possess 
oxidation action in order to protect substrate material layer 
from the ion implantation, it functions as effective etching 
stopper, selectivity improves because of this. 

for example J. Vac. Science. Te ch.,16 (2), it is reported to 391 
(1979) concerning concept of these C/F ratios and mechanism 
where high selectivity is achieved. 

[0008] 
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mzn^xit. -j^x-wpiDmm f* *<xg 
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In addition physical viewpoint, ion implantation resistance in 
recent times, there is a trend whichtakes a second look film 
quality of carbon fluoride polymer from standpointwhere it 
differs. 

When it accumulates in Sior other exposed surface where 
namely, Fatom rich carbon fluoride polymer is substrate 
material layer,Fatom in carbon fluoride polymer and Siatom 
of substrate, assist beingdone in incidence of ion, mere 
adsorption or not to berestricted to deposit, it advances with 
liberation process of chemical reaction and the reaction 
product. 

This consecutive process becomes result where with etching , 
the selectivity of anti- substrate material layer is not acquired 
correctly. 

From this kind of viewpoint, it adds CO to c-C 4 F 8 or other 
fluorocarbon gas, trapping does excessive F* in plasma in 
COF x or other shape and C/F ratio itincreases, attempt which 
accumulates carbon rich polymer is reported to 39 th Japan 
Society of Applied Physics and Related Societies (1993 
annual Spring meeting ) lecture abstracts p614^ lecture 
number 31 a-ZE-10 etc. 

In addition there is also attempt where similarly, it adds H 2 to 
fluorocarbon gas, trapping does excessive F in plasma in HF 
or other shape and C/F ratio increases, accumulates carbon 
rich polymer. 

[0009] 

[Problems to be Solved by the Invention] 

Above-mentioned way, adding H 2 and CO in fluorocarbon 
gas,excessive F* in plasma is removed moderately selectivity 
of substrate material layer regarding technique which 
improves, becomes point whose selectionof etching condition 
which can accumulate carbon rich polymer on substrate 
material layer which at thesame time is exposed in connecting 
hole bottom part is important 

Therefore, in order to obtain etching characteristic which is 
desired, it can seek optimization of plasma density or other 
parameter with proportion of mixed gas as beginning. 

But it is difficult selectivity and etching rate or other etching 
characteristic to be easy to becomerelationship of trade off, 
with control of these etching parameter all etching 
characteristic to satisfy. 

In addition added gas of H 2 and CO becomes resultwhich 
decreases CF-based gas concentration which is a source of 
main etchant, can say thateven from this point it is 
disadvantageous from viewpoint of the etching rate. 

Furthermore, satisfactory consideration is necessary 
concerning flash property and safety of these added gas. 
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[0011] 

**W©9l©liai*, ny?y?isxy?%fr 

£ H 2 CO »»ttffllC*fc-DT5li»itt^S?* 
ttl=«tt©ifc*©&*#X£*|*U *fc«fc 

[0012] 

[ne^^-r^fcttro^is] 

*«wa>^Xvx-^>y*ai*. ±fEHH 
i=**Lra«5Wi=x^>y-r€^xvx^ 

(Hexafluoro-2-butyne:CF 3 C = CCF 3 , mp=-117 
deg C, bp=-24.6 deg C), ^-tf-^/U^n-U-? 
$ i> X 1/ (Hexafluoro-1 , 3-butadiene:CF 2 
=CFCF=CF 2 . bp=6~7 deg C)*> «ktf^*-y-"7;U 
+ P ^ P K 1/ (Hexafluoropropene or 
Hexafluoropropylene:C 3 F 6 , mp=-153 deg C» 
bp=-28 deg C)fr&&&8fre>3lf*lSlv4";h.fr 

=*i&©ft**i*» *© i as feii&faa^as 
fc**u ^x?*© c/f itmnmrnm^ofc 

[0013] 

^vx^fc^tf/s^^UTf-p^p^^o) 
U Lfr* 2 3 »&££*-*-£©-?, ? 
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Margin of examination is large to handling with clean room or 
other closed space,especially. 

In addition it is necessary to provide treatment facility of 
exhaust gas anew attime of utilization. 

[0010] 

this invention solves various problem regarding plasma 
etching of silicon oxide type material layer whichdescription 
above is done has made problem. 

Namely problem of this invention when silicon oxide type 
material layer which was formed on the substrate material 
layer patterning is done, is to offer plasma etching method 
which is superior inanti- substrate material layer or other 
selected etching ratio. 

[0011] 

Another problem of this invention removes gas which has 
margin ofexamination in flash property and safety at time of, 
use such as H 2 and CO from etching gas >t? system, it 
means that in addition the exhaust gas treatment facility or 
other facility investment offers plasma etching method of 
unnecessary silicon oxide type material layer anew. 

[0012] 

[Means to Solve the Problems] 

It is something to which plasma etching method of this 
invention, being something whichis proposed in order to 
achieve above-mentioned problem, silicon oxide type material 
layer on substrate material layer, vis-a-vis substrate material 
layer with plasma etching method which selectively etching 
isdone, hexafluoro -2- butyne (Hexafluoro-2- butyne:CF 3 
OCCF 3 % mp=-l 17 deg C, bp=-24.6 deg C ), hexafluoro-1, 
3- butadiene (Hexafluoro-1, 3-butadiene:CF 2 =CFC F=CF 2 * 
bp=6~7 deg C ) and uses compound of any at least 1 kind 
whichis chosen from group which consists of 
hexafluoropropene (Hexafluoropropene or 
Hexafluoropropylene:C 3 F 6 % mp=-153 deg CU bp=-28 deg C ) 
makesfeature as etching gas. 

You can use these compound, combining 1 kind or multiple 
kinds. 

However, as for or other added gas for C/F ratio or other 
adjustment in the plasma it is not necessary always to use. 

[0013] 

It moves to explanation of action next. 

hexafluoro -2- butyne, hexafluoro-1, 3- butadiene and 
hexafluoropropene or other compound to have multiple 
fluorine atom in 1 molecule, furthermorebecause it possesses 
double bond and triple bond, in plasma CF X * and CF X + which 
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Ztztl* CF X SHbSMltt, «X^>^*«± 



[0014] 
[3tJ£0lJ] 

[0015] 

mmmi 

CCF 3 v'Ja>Ste±0) Si0 2 frt>&-& 

I8<bvU=i>?M**4Jf £v?*hn> RIE 

MUzmxm,z.^m i(aMb)£#8§L-T 

[0016] 

Htm i(a)ic*-rck5l^ ^ ft^^ffiSJcKH 

^■a:-r)ii^^$Hf= a W(D*m&&fa i ± 

l=* Si0 2 ^b^ift^^^Ifi^S 2 

o^|clb^it"l<gMUv3.h<»: KrF i*>>7U- 
■y S| JVy : 5^lCj;y.0.30jUm (DSSPS^WT 

3 zmsmmnflitiLzm^x 
mtis>)^y%ttmm 2 <om^\t-mtLx 

600nm X&L ME CVD HIC«fcy^Jjg-f -So 

zcs-e^j$Lfc@ i(a)ic^-r-9->^;u^, &X 

[0017] 



1997-7-22 

are a main etchant of silicon oxide type material layer with 
electron-molecule collision of 1 - the twice, it is a suppliable 
easily and satisfactory. 

Therefore, etching of high speed becomes possible. 

£ dripping and others CF X chemical species becomes 
important precursor whichaccumulates carbon rich polymer 
on substrate to be etched. 

Furthermore because oxygen does not exist in constituent 
molecule and in the plasma, accumulation being easy, on 
substrate material layer accumulating in the satisfactory, 
carries out function, as etching stopper can guarantee 
satisfactory selectivity. 

In addition because these compound are gas with ambient 
temperature, the bubbler etc it does not need, is superior even 
using selfishly. 

[0014] 

[Working Example(s)] 

Referring to attached figure concerning concrete Working 
Example which is appliedto contact hole fabrication below, 
with this invention as one example, you explain. 

[0015] 

Working Example 1 

this working example, plasma etching doing silicon oxide 
type material layer which consists of SiC>2 on silicon substrate 
with hexafluoro-3- butyne (CF 3 C=CCF 3 ), with magnetron 
RIE equipment , with example whichformed contact hole, 
Figure 1 (a ) - referring to (b ), explains this. 

[0016] 

First as shown in Figure 1 (a ), on Sior other semiconductor 
substrate 1 where impurity diffusion layer (not shown ) 
etcwas formed beforehand, silicon oxide type material layer 2 
which consists of Si0 2 isformed. 

Next resist mask 3 which possesses mouth diameter of 
0.30;mu m with the chemically amplifying resist and 
KrFexcimer laser lithography , patterning is done excluding 
connecting hole opening. 

M(ith 600 nm , it forms with vacuum CVD etc as for thickness 
of the silicon oxide type material layer 2 as one example. 

sample which is shown in Figure 1 (a ) which was formed, 
isdesignated as substrate to be etched to here. 

[0017] 

Next this substrate to be etched is mounted on substrate stage 
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T^*hn> rie SS(D*«Xx-v±|zKS 

CF 3 C = CCF 3 20 seem 
#XE*J 5.0 Pa 



of magnetron RIE equipment which jointlyuses magnetic 
field, exposed part of silicon oxide type material layer 2 
plasma etching is done with thebelow-mentioned etching 
condition . 

CF 3 C=CCF 3 20 seem 
gas pressure 5.0 Pa 



RF«B/<9— 1500 


WO 3. 56MHz) 




RF supply power 1500 


W (13.56 MHz) 








15 


mT(«I^f>yifi±) 


magnetic field strength 




15 


mT (On substrate to be etched ) 






20 










substrate to be etched temperature 




20 


* 









&&yVj3)UB.fctf. ±<tLT CF X + (D^t^X 

X-/^>?V— hl± 500nm/min T'foofco 
[0018] 

T*fi*T»Ji-e*-S5/'Ja>«a)^***S 1 
SliSL"C3>^h^-;U 4 jWJHPLfcB»jft"C 

£S 1 <Dxy^>?£|fcit-f 5o 
>?StRJ±l4 30 fcfcofco 

=i:/**ra« <DSS«J± *ojrax?*:/$f # 

[0019] 
SUS0IJ2 

(CF 2 =CFCF=CF 2 )IZ*y, v'j3>lfi±(D 

TXfflinS ECR ^X-7X^^l/^filc<ky 
^XTX^^^LTa^^h^U^^jtL 

fc«-efey.cti*Hi:<Bi i(aMb)£#BSLT 

[0020] 



Regarding this plasma etching process, with CF radical 
reaction, to ion implantation of the CF X + plasma etching of 
silicon oxide type material layer advanced in form which 
assist isdone mainly. 

etching rate was 500 nm/min. 

[0018] 

silicon or other semiconductor substrate 1 which is a substrate 
material layer exposing, with time point which contact hole 4 
opens, carbon rich polymer 5 accumulates in surface, 
becomes effective etching stopper andprevents etching of 
semiconductor substrate 1. 

As a result, selected etching ratio of silicon or other 
semiconductor substrate 1 became with 30. 

According to this working example, with hexafluoro-3- 
butyne single gas high selectivity and high speed etching of 
the silicon oxide type material layer become possible 
depending upon plasma etching . 

[0019] 

Working Example 2 

this working example, plasma etching doing silicon oxide 
type material layer which consists of Si0 2 on silicon substrate 
with hexafluoro-1, 3- butadiene (CF 2 =CFC F=CF 2 ), with 
substrate bias imparting type ECR plasma etching equipment , 
with theexample which formed contact hole, similarly Figure 
1 (a ) - referring to(b ), explains this. 

[0020] 
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si i(a)ic*-r«iv^>y*«tt» mnrnm 1 
ecr ^x^x^^gsrogtsxT-i^ 



Because substrate to be etched which is shown in Figure 1 (a ) 
is similar to thosewhich are used with front Working Example 
1 it abbreviates explanationwhich overlap is done. 

This substrate to be etched, is mounted on substrate stage of 
substrate bias imparting type ECR plasma etching equipment, 
exposed part of silicon oxide type material layer 2 plasma 
etching is done with below-mentioned etching condition . 



CF2 =CFCF=CF2 50 


seem 








CF2 =CFC F=CF2 50 


seem 










1 . 0 


Pa 








gas pressure 


1.0 


Pa 










1200 


W(2. 45GH 


z) 






microwave power supply power 


1200 


2.45 GHW 


z) 








1000 


W(800KHz 


) 






substrate bias power 


1000 


800 KHz W 


) 








87. 5 


mT(«I^>ifi«±) 


magnetic field strength 


87.5 


mT (On substrate to be etched ) 




20 


°C 








substrate to be etched temperature 


20 


* 









<fc£^v*;u&j£tf. ±tLx cf x + om-yx 

X^>$f b— htt 700nm/min Xfoitzo 
[0021] 

I*. -tO*iBI^*— #>U^<PK'JT 5 tfttflt 



Regarding this plasma etching process, with CF radical 
reaction, to ion implantation of the CF X + plasma etching of 
silicon oxide type material layer advanced in form which 
assist isdone mainly. 

etching rate was 700 nm/min. 

[0021] 

silicon or other semiconductor substrate 1 which is a substrate 
material layer exposing, with time point which contact hole 4 
opens, carbon rich polymer 5 accumulates in surface, 
functions as effective etching stopper,prevents etching of 
semiconductor substrate 1 . 

As a result, value of 30 acquired selected etching ratio of 
silicon or other semiconductor substrate 1 even here. 

According to this working example, with hexafluoro-1, 3- 
butadiene single gas high selectivity and high speed etching 
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[0022] 

**WI*c*L&Sl8llfi«llc<pr6BS*ti*t 

[0023] 

I*. 

[0024] 

mb*>U3>3R*tSlitLT Si0 2 SfilSLfc 
PSG. BSG &-61M* BPSG **H!*|£*# 
Lfc*>yy— h#5X***lM* SiON SiOF 

*fca>**h*— ;uttxic|fi&?\ /<-fT*— 
;u»qx^.ldd 1MKO*-;bX^--+HJDX 

a^XTx^^yizafflqriBTffc*. 

[0025] 

IMKg.Al m#S.Cu X^M^KHufi^fli 
3|<D£JSiBi|!i#*4. fcSlMi Si 3 N 4 ^<Dl6i^ 



[0026] 
[0027] 

[S&Ka>S*i£] 

**ifcft**Sx^>y#xtLr«ffl-r«c 
fciccty . sio 2 *a>ifefcS/U3>x«mJia>x 
StRhfcfccfc^iSx^^^U-hCO^Xvx^ 



of the silicon oxide type material layer become possible 
depending upon plasma etching . 

[0022] 

Above, this invention was explained with 2 Working 
Example , but this invention is notsomething which is limited 
in these Working Example. 

[0023] 

hexafluoro -2- butyne and hexafluoro-1, 3- butadiene were 
illustrated as for example etching gas, but making useof 
hexafluoropropene it is good. 

These compound, it possesses merit which can satisfy various 
etching characteristic as etching gas of single constitution 
using, but it is possible to use as mixed gas of inert gas etc. 



[0024] 

Si0 2 was illustrated as silicon oxide type material layer, but, 
those which such as silicate glass, or SiON and SiOF which 
impurity such as PSG. BSG include N and For other 
element or BPSG contain. Or it is good even with these 
laminated structure membranes. 

In addition it is a applicable, in various plasma etching where 
such as blind via fabrication the high selectivity of substrate 
material layer is required and LDD sidewall spacer processing 
not just the contact hole fabrication. 

[0025] 

Other than silicon or other semiconductor substrate where 
impurity diffusion layer was formed as substrate material 
layer, the polycrystalline silicon, high melting point metal 
silicide layer and high melting point metal poly side layer, 
high selectivity of these substrate material layer can be 
acquired evenwith Al-based metal. Cu metal and high 
melting point metal or other metallization material, or Si 3 N 4 
or other insulating material layer . 

[0026] 

In addition, selecting appropriately, inside range of technical 
concept of the this invention, such as structure, plasma 
etching equipment, plasma etching condition of substrate to 
be etched it applies it is possible . 

[0027] 

[Effects of the Invention] 

As been clear from explanation above, as for this invention 
high selectivity of Si0 2 or other silicon oxide type material 
layer and plasma etching of high etching rate become possible 
compound which specific is done as etching gas by adopting. 
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Drawings 
[01] 



These compound gas not to need because the CO and H 2 or 
other added gas effect isshown, as etching gas of alone using, 
management of plasma etching step isdone greatly 
simplification. 

In addition problem is little even from viewpoint of safety. 
[Brief Explanation of the Drawing(s)] 
[Figure 1] 

With conceptual cross section diagram which explains 
Working Example 1 and 2 which applies plasma etching 
method of the this invention, to process sequence, as for (a ), 
state > (b ) which formed the resist mask for contact hole 
opening on silicon oxide type material layer patterning doing 
silicon oxide type material layer, is the state which opens 
contact hole. 

[Explanation of Symbols in Drawings] 
1 

semiconductor substrate 
2 

silicon oxide type material layer 
3 

resist mask 
4 

contact hole 



carbon rich polymer 



[Figure 1] 
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